A navigation and integrated information system is designed and developed by using the exist wireless network signals, based on localization technology using wireless networks, for the indoor navigation problem and efficient use of resources in large public buildings. A navigation server is designed based on linux embedded system. And a client is developed on smart mobile devices. The users can easily inquire their location and the information of the destination on their smart mobile devices, which can also plan the route automatically. A fingerprint positioning method based on WLAN signal along with modified weighting K nearest neighbor algorithm and Signal propagation model is proposed to meet the requirement of indoor navigation. A modified real-time A* algorithm which introduces the time optimal index into the evaluation index is used to improve navigation efficiency. This system will be widely used in large public buildings such as market, museum, library and transport hubs.
Introduction
With the development of construction technology and the promotion of people's living standard, public buildings are becoming larger and more functional. It is necessary to navigate in large public buildings such as traffic centers, shopping malls and libraries. However, because of the limitation of indoor environment, GPS signal is unreliable. With the extensive arrangement of WLAN (wireless local area networks), the complete of IEEE 802.11 protocol and the popularization of mobile phone, an indoor localization technology based on WLAN is developing rapidly. In recent years, many universities and institutes have studied on the indoor localization technology, such as the Active Badge system [1] of ORL lab of Cambridge University, RADAR positioning system of Microsoft Company, Cricket system [2] of MIT, Calamari system [3] of California University, etc. Indoor localization technology using the existing WLAN devices, has a low cost and is easy to realize, so that it is becoming the main direction of indoor localization technology research [4] . Aiming at the characteristic of large public buildings, using the WLAN positioning technology, a navigation system is developed on intelligent mobile devices, which can be widely used in large public buildings, such as shopping malls, museums, libraries and traffic centers.
System Structure
The hardware of the system includes navigation and information server, wireless network access points and intelligent mobile devices. The system structure is shown in figure 1. The mobile device receives signal from the wireless AP, estimates the current position by positioning algorithm based on the intensity of WiFi signal, and plans the path according to the map. A navigation and information server developed on an embedded Linux system based on ARM9 is used, which includes the map information database to collect, analyze, manage and release information. The server receives the position of the intelligent device, receives the requirements, analyzes and stores the information from the device with sending the broadcasting information.
Development of the Navigation and Information Server
Hardware Structure of the Navigation Server
The server is developed on an embedded system based on ARM9. The hardware structure is shown in figure 2 . The hardware schematic and the board are shown in figure 3-4. Four USB interfaces are used to connect the WLAN module and other external devices. The ether net interface is used to connect LAN. The display device is able to connect to the system through HDMI interface for debugging. 
Software Structure of the Navigation Server
The navigation server is based on an embedded linux operating system. It fully satisfies the real-time requirement of the system, and is reliable and adaptable [5] . The application program is designed for processing and storage of information. The software structure is shown in figure 5 . The monitor module is the center of the program, which is used monitor and manage other modules. The communication module is designed for sending and receiving data, as well as sending the data to database management module. This module also reads the data through database management module, and sends it to clients. Operation to the database has to be done through the data based management module . The database is composed by two parts: a static database and a variable database. The static database stores the map and basic information of parts of the building. Data maintenance and modification requires authority in this database. Normal users are only able to require the data without changing it. The variable database is used to record the dynamic information such as the users' preference, for the analysis followed up. The interface of the server is shown in figure 6 . 
Development of the Application Software for Intelligent Devices Algorithms for Navigation Based on WLAN
There are two main problems of navigation based on WLAN: the precision of the positioning based on the intensity of WLAN signal in complex circumstances, and the time-optimal path planning algorithm based on the layout of the building and the intensity of visitors flow.
Positioning Algorithm. The WLAN signal always gets interference in large public buildings because of the complex structure and the massive electrical devices. Different methods of positioning have been used, the character of each method is shown in table 1. The location fingerprint method has low cost, doesn't need extra external hardware, and has a high positioning accuracy, which is suitable for public buildings. Although in the experiment of reference [7] , it is shown that the fingerprint method relies on the structure of the building, the structure of a public building is relatively stable, and the parameters can be revised in debugging, so that the fingerprint method based on the signal intensity of WLAN can be used in this system. The fingerprint method is performed in two steps. First, the location-fingerprint database is established by measuring the intensity vector of WLAN signal on different points. Second, the position of the point to be measured is got by matching the signal intensity and the data in the database [8] .
Most frequently used matching algorithms are nearest neighborhood (NN) algorithm, K-nearest neighborhood (KNN) algorithm, weight-K-nearest neighborhood (WKNN), etc. The essence of NN algorithm is to match the signal intensity of the point to be measured and the signal intensity of each fingerprints in the database, and calculate the offset of the point to each fingerprint. The position of the fingerprint with the lowest offset is the position of the point to be measured. The KNN algorithm is similar to NN algorithm. The difference is the position is get by calculate the average of the k nearest fingerprints which have the lowest offset. The difficult part of this algorithm is how to determine the value of k.WKNN algorithm is an improvement of KNN algorithm, which calculates the weighted average of the position of k nearest fingerprints as shown in equation 1.
Where, Xi is the coordinate value Xi=(xi,yi) of the i th fingerprint after sequencing by the signal intensity. X is the estimate of the point to be measured. wi is the weight of the i th fingerprint, which is defined by the signal intensity at the fingerprint as shown in equation 2.
Where Pfi is the signal intensity of the i th fingerprint. Pr is the signal intensity at the point to be measured. n is the amount of the fingerprints.
The result of comparison experiment of NN, KNN and WKNN algorithms is shown in figure 7 . Obviously, the accuracy of WKNN algorithm is higher than that of NN and KNN algorithm. Path Planning Algorithm. There are many mature algorithms for path planning problem. The traditional algorithms are simulated annealing algorithm, artificial potential field method, fuzzy logic algorithm and tabu search algorithm. In recent years, some intelligent bionics algorithms appears such as Ant colony algorithm, neural network algorithm, genetic algorithm and particle swarm optimization (PSO) algorithm [9] . A* algorithm is a standard algorithm for path planning computing. Considering the performance and memory limitations of the embedded hardware adopted in this system, A* algorithm is not appropriate. An improved A* algorithm is adopted in this system [10] . Considering the structure and the intensity of visitors flow, better time index is adopted in evaluating indicator, which improves the navigation efficiency with saving the software overhead.
Software Structure
The client program is developed for intelligent mobile devices. The client completes navigation by performing the positioning and path planning algorithm mentioned above. The client communicates with the server to get the information and send the user data back to the server simultaneously. The software process is shown in figure 8 .
Conclusion
An indoor navigation system for large public buildings is designed for resource efficient utilization. First, the hardware and software of the server is designed by adopting linux embedded framework. Communication between the client and server and reading-writing function are realized by developing program on application level. Second, the client software based on intelligent mobile devices is designed. Positioning method based on the signal intensity of WLAN is adopted. In order to ensure the accuracy of positioning, an improved WKNN algorithm is adopted in fingerprint matching. An improve A* path planning algorithm is adopted to reduce the time cost. Third, the client software is designed according to the algorithms to accomplish the indoor navigation system based on intelligent mobile devices. 
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